Background and purpose: Associations with multiple sclerosis (MS) of living conditions in childhood and characteristics in adolescence including physical fitness, cognitive function and psychological stress resilience were investigated. Methods: A cohort of male Swedish residents born 1952-1956 who were included in the Swedish Military Conscription Register was used to create a nested caseÀcontrol study comprising 628 MS cases and 6187 controls matched on birth year, county of residence and vital status at time of diagnosis. Conscription examination records were linked with other national register data. Conditional logistic regression was used to evaluate associations with MS subsequent to the conscription examination. Results and conclusions: Men with MS were less likely to be from more crowded households in childhood (>two persons per room) with an adjusted odds ratio of 0.67 (95% confidence interval 0.51-0.86, P = 0.023). They had lower physical working capacity in adolescence with adjusted odds ratio of 0.94 (95% confidence interval 0.89-0.99, P = 0.026). Cognitive function and stress resilience scores displayed no significant differences between cases and controls. Parental occupation in childhood and body mass index in adolescence were not associated with future MS risk. The inverse association of MS risk with higher levels of household crowding may reflect environmental factors such as the pattern of exposure to microorganisms. Lower physical fitness in men at MS risk may indicate a protective effect of exercise or could be due to prodromal disease activity, although there was no association with cognitive function. Poor psychological stress resilience (and thus risk of chronic stress arousal) was not associated with MS.
Introduction
Multiple sclerosis (MS) is an immune-mediated disease with typical onset in young adults. A variety of genes have been associated with MS risk, but associations with environmental exposures indicate the importance of geneÀenvironment interactions [1] [2] [3] . It is well established that MS prevalence increases north and south from the equator [4] and migrants from a high to a low incidence area retain their native risk only if migration occurs after 15 years of age. These findings suggest that environmental factors in childhood or adolescence are important in determining lifetime MS risk [4] .
There is evidence that the pattern of pre-adulthood exposure to infectious agents is implicated in MS aetiology. An atypical pattern of Epstein-Barr virus (EBV) infection is overrepresented in MS [5] and antibody reactivity against EBV nuclear antigen-1 seems to be associated with increased MS risk, suggesting an altered immune response to the virus in susceptible individuals [6] . Interaction with 25-hydroxyvitamin D status and EBV infection has recently been proposed to influence the immune response and modulate MS risk [7] .
Lifestyle factors such as smoking and obesity have also been associated with increased risk of developing MS [8] [9] [10] [11] , whilst alcohol has been associated with reduced MS risk [12] , but not in all studies [13] . Findings on parental socioeconomic circumstances and stressful life events during childhood are inconsistent [14] [15] [16] [17] [18] but some studies may have been limited by a lack of prospectively collected information.
Here prospectively recorded Swedish register data were used to examine associations of familial and personal characteristics in childhood and adolescence with adult-onset MS amongst a representative sample of men in a nested case-control study. Childhood circumstances were captured through information on parental occupation and household crowding, which is relevant to a variety of exposures, including pattern of exposure to microorganisms. A compulsory military conscription examination in late adolescence provided several measures. Stress resilience, indicating susceptibility to psychological stress, was assessed through interview by a psychologist and has previously been used to assess the role of stress in the aetiology of other diseases [19] . MS may have a long and silent natural history, so damage to the central nervous system may occur prior to diagnosis. Therefore, putative pre-diagnostic influence on cognitive and physical function was examined. Exercise may, however, also protect from inflammatory disease [20] . Thus, physical working capacity and body mass index (BMI) were included in the study.
Methods
The study took its subjects from a cohort of 284 198 men born between 1 January 1952 and 31 December 1956 that were included in the Swedish Military Conscription Register. Men in this cohort had their conscription examinations in the 1970s, except for 80 men in 1969 and 1163 men in the 1980s. Examinations were performed at ages 18 and 19 years, with a small number at later ages. At that time, assessment for military service was compulsory in Sweden. Fewer than 4% of men were excluded from the enlistment examination due to chronic illness or disability.
In the cohort of 284 198 men, 2564 were excluded due to data inconsistencies such as errors in the personal identification number, female sex or uncertain vital status. Further, 182 men were excluded due to improbable measures at the conscription assessment: height <144 cm (n = 39), BMI below 15 (n = 134) and weight above 178 kg (n = 9). Individuals with MS, optic neuritis or demyelinating disease at the time of conscription examination in adolescence were also excluded as the study assessed MS risk after this time. The sample eligible for inclusion after the conscription examination date comprised 281 268 men. Next, men with missing data for covariates used in the analysis (n = 36 311) and potential controls with diagnoses of optic neuritis (ICD-8, 367; ICD-9, 377D, 377.3; ICD-10, H46) or demyelinating disease (ICD-8, 341; ICD-9, 341; ICD-10, G36, G37) (n = 200) were excluded. The sample available for generating a nested case-control study comprised 244 757 men.
Approximately 4% of the potential subjects did not attend the assessments due to chronic illness, disability or because they were not Swedish citizens. Amongst the remaining men with missing data approximately 76% had health conditions that resulted in their being classified as medically or intellectually unfit for military service, and therefore they did not undergo some further conscription examinations resulting in missing data. Thus, the cohort is somewhat selected for better health in adolescence.
Multiple sclerosis cases and matched controls
Multiple sclerosis was defined using ICD-8, 340; ICD-9, 340; ICD-10, G35 codes from the Swedish National Patient Register (NPR), with information on inpatient and outpatient diagnoses [21, 22] . The register attained full coverage in 1987 and outpatients were added in 2001. The analysis is based on both primary (n = 572) and secondary (n = 56) incident MS diagnoses (cases, n = 628) identified through prospectively recorded data from the NPR within a time window that spanned from the date of conscription examination until 31 December 2009.
For the analysis, a nested case-control study data set was generated from the cohort. For each case (a man with an MS diagnosis), 10 controls (in some risk sets fewer than 10 controls were identified) were selected at random amongst members of the cohort who were alive, resident in Sweden and without MS diagnosis. The controls were matched individually with cases by vital status at MS diagnosis (controls were alive and living in Sweden), as well as birth year and county of residence in 1970. The county of residence measure comes from the 1970 population census as the classification corresponds to the administrative boundaries used to determine which specific disease coding system is used (these varied over time).
Measures Swedish Military Conscription Register
The Swedish Military Conscription Register [23] records extensive and standardized physical and psychological examinations by physicians and psychologists. Measures included height (cm) and BMI (kg/ m 2 ). A physical working capacity score was assessed using a cycle ergonomic test performed after evaluation of the resting electrocardiogram and medical history. A 5-min submaximal test was directly followed by a maximal test with gradually increasing load until exhaustion. The results were transformed into scores from 0 (lowest) to 9 (highest). A stress resilience score was determined from a psychological examination that assessed the potential ability to cope with stress, based on the ability to control and channel nervousness, tolerance of stress and disposition to anxiety, based on reported prior experiences in everyday life [24] . The scores were grouped into low (1-3), medium (4-6) and high (7-9) stress resilience. A cognitive function score comprised four subtests, linguistic understanding, spatial recognition, general knowledge and ability to follow mechanical instructions, and was transformed into a single score (1) (2) (3) (4) (5) (6) (7) (8) (9) . A summary disease score (0-9) denotes the presence and severity of disease relevant to the capability to undertake military duty. The scores were classified into five groups ranging from 0 (very significant problem) to 9 (no diagnosis).
Erythrocyte sedimentation rate (ESR) and erythrocyte volume fraction were recorded to assess systemic inflammation.
Socioeconomic and demographic characteristics
Demographic data, including information on vital status and emigration, were provided by the government organization Statistics Sweden using the Total Population Register [25] . Markers of material and social circumstances in childhood were taken from the 1960 census. Household crowding during childhood was calculated (people per habitable room) and transformed into quarters of its distribution. Number of siblings of the study participants was recorded. Occupation of the head of household was classified as manual, agricultural, farm owners/managers, office workers, business owners/managers and others.
Statistical analysis
Descriptive statistics included frequencies, proportions, means and median values. Conditional logistic regression was used to examine unadjusted and adjusted associations between MS with onset after the conscription examination with characteristics in childhood and adolescence. The matched analysis took into account birth year and the 25 counties of residence, as well as the age at MS diagnosis. The main model included the following measures: household crowding, parental occupation, BMI, summary disease score (modelled as categorical variables); and height, stress resilience score, physical working capacity and cognitive function score (modelled as continuous variables). The functional form of the measures was explored using multivariable fractional polynomial modelling [26] . This analysis indicated a linear relationship with the log odds of the association with the outcome for height, stress resilience score, cognitive function score and physical working capacity score, and these were therefore modelled continuously.
In the initial analysis both number of siblings and household crowding were included in the same model, but due to collinearity between these measures the number of siblings was dropped as household crowding explained more of the variance. ESR (as a marker of systemic inflammation) adjusted for erythrocyte volume fraction was also included in the models, but due to a lack of association with MS and no notable influence on the other associations it was not included in the final model. A sensitivity analysis was performed by excluding cases with MS (and their matched controls) diagnosed within 5 years from the conscription examination to reduce the possibility that associations are being driven entirely by MS with onset soon after the conscription examination.
The statistical software used was Stata version 12/ SE for Windows (StataCorp, College Station, TX, USA). Tests were two-sided and statistical significance was defined as P < 0.05 and 95% confidence intervals (95% CI) that do not include 1.00.
Results
The characteristics of the study population comprising 628 men with MS (cases) and 6187 men without MS (controls) are described in Table 1 . Cases tended to come from less crowded households and were slightly taller. MS cases had a lower physical working capacity score and were more likely to have a summary disease score indicating the presence of other diagnoses.
In all analyses, the matched design takes into account year of birth, region of residence and age at MS diagnosis. Table 2 shows that lower household crowding in childhood (at ages 4-8 years) has a dosedependent association with MS risk, such that the greater the crowding, the lower the risk of MS. Taller stature in adolescence is significantly associated with a higher risk of MS and there was a less notable association with raised MS risk for lower physical working capacity scores. Associations with the summary disease score indicate that MS cases were more likely to have other diagnoses in adolescence. The above associations remained statistically significant in the adjusted model, except for the summary disease score which had marginal significance overall and was significant only for the 'significant problem' category. BMI (at ages 18-19 years) as a categorical variable was not statistically significantly associated with MS. In a sub-analysis, BMI was modelled as a continuous variable and there was a modest association with MS in the adjusted (but not unadjusted) analysis, producing an adjusted odds ratio of 1.03 (95% CI 1.00-1.06). No notable associations were observed for cognitive function and stress resilience score in adolescence or head of household's occupation in childhood.
When ESR was examined with adjustment only for erythrocyte volume fraction, or in the multivariate model, no statistically significant associations were observed and its inclusion did not alter any of the other associations at the level of precision reported in the tables. Compared with 1 mm, the adjusted odds ratios were 0.86 (95% CI 0.70-1.06), 1.06 (95% CI 0.73-1.53) and 1.31 (95% CI 0.83-2.05) for 2-6 mm, 7-10 mm or over 10 mm, respectively. In post hoc analyses specific diseases that explain the association of the summary disease score with MS risk could not be identified. The broad category containing inflammatory diseases of the skin and connective tissue was somewhat overrepresented in cases (data not shown), but no firm conclusions could be drawn. The exclusion of MS diagnoses in the 5 years following the conscription examination did not alter any of the results notably (data not shown).
To assess potential selection bias due to missing values from the conscription assessment, the association of household crowding in childhood with MS risk was examined amongst all available subjects. The associations were virtually unaltered (data not shown) suggesting almost no selection effect of missing values for this finding.
Discussion
The present study shows that individuals living in more crowded households during childhood (at ages 4-8 years) were less likely to develop MS. No evidence was found of associations with impaired cognitive function or lower stress resilience in late adolescence, but cases already had somewhat lower physical fitness in adolescence, prior to their MS diagnosis. The association of higher BMI in adolescence with MS was equivocal. ESR in adolescence, a marker of systemic inflammation, was not associated with MS. It is likely that household crowding alters the pattern of environmental exposures, including to microorganisms. During childhood such conditions may influence the nascent immune system through, for example, gut colonization, infection and thus acquired immunity. There is evidence implicating infectious agents in the aetiology of MS [4] . The role of EBV has been investigated and debated extensively. MS patients tend to be infected at a later age [27] [28] [29] , suggesting that a primary EBV infection in earlier childhood may be less of a risk than infectious mononucleosis in adolescence. It has been proposed that an altered immune response to EBV following late infection in susceptible individuals could be an important MS risk [6] . In our study, a dose-dependent association of greater household crowding when the subjects were 4-8 years of age with decreased risk of MS was found. It is hypothesized that household crowding is a marker of increased exposure to infectious agents in childhood, such that infections like EBV may occur at an earlier age. An alternative explanation for the inverse association between greater household crowding and MS risk is reduced parental fertility in MS [30] . However, this is unlikely as household crowding was a better predictor of MS than number of siblings. Crowding may be the consequence of greater financial adversity and poorer socioeconomic circumstances have in fact been associated with lower MS risk [31] . In our study, the association of crowding was independent of parental occupation, a marker of material and cultural circumstances, which itself was not associated with MS.
It is hypothesized that exposures similar to those associated with household crowding explain the findings for stature; for example, sharing a bedroom (which will not always be captured by the crowding variable) may result in disturbed sleep and slowed growth, whilst also altering patterns of exposure to microorganisms. Greater household crowding has been associated with reduced physical growth [32] . Growth hormone and other factors relevant to development in childhood are secreted during deep sleep [33, 34] , and frequently disrupted sleep in more crowded households is a putative explanation. The association of lower physical fitness in late adolescence (ages 18-19 years) with higher subsequent MS risk can have several possible explanations. One possibility is due to prodromal tissue damage in the central nervous system. However, no evidence of prediagnostic impaired cognitive function was found. Exercise has been suggested to protect against other inflammatory diseases [20] , which may be an alternative interpretation of our findings for physical working capacity. The association of BMI at ages 18-19 years with MS risk was equivocal. Earlier studies have identified a raised risk of MS in those with higher BMI [10, 35] . At the time of the conscription examinations, obesity in adolescence was still relatively rare in Sweden and may help explain the lack of association with our categorical measure of BMI. The weak association with the continuous measure is consistent with some association of BMI with MS risk. It is noteworthy that higher BMI cannot explain the association of MS with lower physical working capacity, as demonstrated by the adjusted analysis. The lack of association with stress resilience suggests that psychological stress is unlikely to be particularly important in causing MS. The objectively assessed measure of stress resilience has been shown to predict risk of other diseases such as stroke [19] , as low resilience makes individuals more susceptible to stressful exposures in daily life. This measure benefits from being recorded prior to MS onset and is unlikely to be influenced by differential reporting bias.
A strength of our study is the collection of information prior to MS diagnosis (clinical onset of MS tends to occur between 20 and 40 years of age and those with MS at the conscription examination were excluded). In a sub-analysis, individuals with an MS diagnosis in the 5 years following the conscription examination were excluded and results were not notably altered. A disadvantage is that women, who make up the majority of MS patients, could not be included as military conscription was almost exclusively limited to males in the study period. Diagnoses from the NPR may not always be accurate, but in a previous study similar results for MS patients from this register and those whose diagnosis could be confirmed in the Swedish MS register were found [36] . MS diagnosis has not been specifically validated in the NPR but general estimates suggest acceptably high diagnostic accuracy [22] . Since outpatients were added to the NPR in 2001, patients with a more benign disease course treated only as outpatients before 2001 and not subsequently may not have been included in our study. However, based on our experience of the Swedish MS register (not used in this study), it is reasonable to believe that this is a limited number of MS cases. Other potential limitations include lack of information on other factors relevant to MS risk such as cigarette smoking [9, 11] . Although not a substitute for detailed information on smoking, adjustment was made for ESR indicating systemic inflammation which has been related to heavy smoking, although not always consistently [37] . The study was not designed to identify the specific diagnoses that might account for the weak association between the summary disease score in adolescence and subsequent MS, but adjustment for this score is useful as it shows the associations with MS are independent of other diseases already present at the conscription examination.
In conclusion, it is suggested that the inverse association with MS for household crowding at ages 4-8 years is explained by patterns of infectious exposure in childhood relevant to future MS risk. There was no evidence that chronic psychosocial stress, indicated by stress resilience, is implicated in the aetiology of MS. Early adverse consequences of disease processes prior to MS diagnosis could not be seen for cognitive function in adolescence. Associations with physical capacity may reflect a reduced ability to exercise amongst those who would develop MS or there may be a protective effect of physical fitness.
